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(57) ABSTRACT

A motor control system includes a control unit and a
compensator. The control unit controls an operation of a
shaft of a motor in accordance with an operation command
for the motor. The compensator calculates compensation
information based on an other-shaft information about an
operation of another shaft of another motor different from
the motor. The compensation information is information for
compensating an influence of the operation of the other shaft
upon the shaft. The control unit controls the operation of the
shaft using the compensation information calculated by the
compensator.
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MOTOR CONTROL SYSTEM, MOTOR
CONTROL METHOD, AND PROGRAM

TECHNICAL FIELD

The present disclosure relates to a motor control system,
a motor control method, and a program. More specifically,
the present disclosure relates to the motor control system,
the motor control method, and the program for controlling
an operation of a shaft of a motor.

BACKGROUND ART

PTL 1 discusses a vibration control device. The vibration
control device includes a torque command output unit, a
torque command generator, and an addition unit. The torque
command output unit outputs a torque command to a
mechanical device driven by a motor. The torque command
generator generates a compensation torque command asso-
ciated with a vibration having a phase opposite to that of a
vibration generated by driving the mechanical device. The
addition unit adds the generated compensation torque com-
mand to the torque command.

However, in the vibration control device (motor control
system) described in PTL 1, the compensation torque com-
mand is generated based on a position command output to an
X-axis motor (that is, the motor). Therefore, this vibration
control device has a problem such that a vibration associated
with an operation of a motor (other motor) different from the
X-axis motor is difficult to be reduced.

CITATION LIST
Patent Literature

PTL 1: Unexamined Japanese Patent Publication No. 2017-
138821

SUMMARY OF THE INVENTION

The present disclosure has been made in view of the
above point, and an object of the present disclosure is to
provide a motor control system, a motor control method, and
a program that easily reduce a vibration associated with an
operation of another motor.

A motor control system according to one aspect of the
present disclosure includes a control unit and a compensator.
The control unit controls an operation of a shaft of a motor
in accordance with an operation command for the motor.
The compensator calculates compensation information
based on other-shaft information about an operation of
another shaft of another motor different from the motor. The
compensation information is information for compensating
an influence of the operation of the other shaft upon the
shaft. The control unit controls the operation of the shaft
using the compensation information calculated by the com-
pensator.

A motor control method according to one aspect of the
present disclosure includes a control step and a compensa-
tion step. The control step is a step of controlling an
operation of a shaft of a motor in accordance with an
operation command for the motor. The compensation step is
a step of calculating compensation information based on
other-shaft information about an operation of another shaft
of another motor different from the motor. The compensa-
tion information is information for compensating an influ-
ence of the operation of the other shaft upon the shaft. In the
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2

control step, the operation of the shaft is controlled using the
compensation information calculated in the compensation
step.

A program according to one aspect of the present disclo-
sure causes one or more processors to execute the motor
control method described above.

The present disclosure has an advantage such that a
vibration associated with the operation of the other motor is
easily reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a block diagram illustrating an outline of a motor
control system according to an exemplary embodiment of
the present disclosure.

FIG. 2 is a conceptual diagram of a control target of a
motor and a control target of another motor in the motor
control system according to the exemplary embodiment of
the present disclosure.

FIG. 3 is a conceptual diagram illustrating an example of
a mathematical model of a control system of a motor in the
motor control system according to the exemplary embodi-
ment of the present disclosure.

FIG. 4 is a diagram illustrating an example of a frequency
characteristic of a third transfer function in the motor control
system according to the exemplary embodiment of the
present disclosure.

FIG. 5A is a diagram illustrating an example of a simu-
lation result of the motor control system according to the
exemplary embodiment of the present disclosure.

FIG. 5B is a diagram illustrating an example of a simu-
lation result of the motor control system according to the
exemplary embodiment of the present disclosure.

FIG. 6 is a flowchart illustrating an example of an
operation of the motor control system according to the
exemplary embodiment of the present disclosure.

FIG. 7 is a diagram illustrating an example of a frequency
characteristic of the third transfer function according to the
exemplary embodiment of the present disclosure and an
example of a frequency characteristic of a first-order low-
pass filter used in a vibration compensator according to a
first modification.

FIG. 8A is a diagram illustrating an example of a simu-
lation result of a motor control system according to the first
modification of the exemplary embodiment of the present
disclosure.

FIG. 8B is a diagram illustrating an example of a simu-
lation result of the motor control system according to the
first modification of the exemplary embodiment of the
present disclosure.

FIG. 9 is a diagram illustrating an example of a frequency
characteristic of a seventh transfer function in a motor
control system according to a second modification of the
exemplary embodiment of the present disclosure.

FIG. 10A is a diagram illustrating an example of a
simulation result of the motor control system according to
the second modification of the exemplary embodiment of the
present disclosure.

FIG. 10B is a diagram illustrating an example of a
simulation result of the motor control system according to
the second modification of the exemplary embodiment of the
present disclosure.

FIG. 11 is a diagram illustrating an example of a fre-
quency characteristic of a first-order high-pass filter in a
motor control system according to a third modification of the
exemplary embodiment of the present disclosure.
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FIG. 12A is a diagram illustrating an example of a
simulation result of the motor control system according to
the third modification of the exemplary embodiment of the
present disclosure.

FIG. 12B is a diagram illustrating an example of a
simulation result of the motor control system according to
the third modification of the exemplary embodiment of the
present disclosure.

FIG. 13 is a conceptual diagram of a control target of a
motor and a control target of another motor in a motor
control system according to a fourth modification of the
exemplary embodiment of the present disclosure.

FIG. 14 is a block diagram illustrating an outline of a main
part of the motor control system according to the fourth
modification of the exemplary embodiment of the present
disclosure.

FIG. 15A is a diagram illustrating an example of a
simulation result of the motor control system according to
the fourth modification of the exemplary embodiment of the
present disclosure.

FIG. 15B is a diagram illustrating an example of a
simulation result of the motor control system according to
the fourth modification of the exemplary embodiment of the
present disclosure.

FIG. 16 is a conceptual diagram of a control target of a
motor and control targets of a plurality of other motors in a
motor control system according to a fifth modification of the
exemplary embodiment of the present disclosure.

FIG. 17 is a block diagram illustrating an outline of the
motor control system according to the fiftth modification of
the exemplary embodiment of the present disclosure.

FIG. 18 is a block diagram illustrating an outline of a
motor control system according to a sixth modification of
the exemplary embodiment of the present disclosure.

FIG. 19 is a block diagram illustrating an outline of a
motor control system according to a seventh modification of
the exemplary embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENT
Exemplary Embodiment

(1) Overview

FIG. 1 is a block diagram illustrating an outline of motor
control system 100 according to an exemplary embodiment
of the present disclosure. FIG. 2 is a conceptual diagram of
a control target of motor M1 and a control target of another
motor in motor control system 100 according to the exem-
plary embodiment of the present disclosure. As illustrated in
FIG. 1, motor control system 100 according to the present
exemplary embodiment controls an operation of a shaft of
motor M1 in accordance with operation command S1 for
motor M1. As a result, motor control system 100 controls an
operation of load [.1 connected to the shaft of motor M1 via
connection portion C1 illustrated in FIG. 2. Motor control
system 100 is used in, for example, an electronic component
mounting machine, a semiconductor manufacturing appara-
tus, or the like.

Motor control system 100 is used in combination with
other motor control system 200 in the above-described
apparatuses and the like. Other motor control system 200
controls an operation of another shaft of other motor M2 in
accordance with operation command S2 for other motor M2
different from motor M1. This controls the operation of
other load L2 connected to the other shaft via a connection
portion (not illustrated) with respect to the other shaft. Other
load L2 is different from load L1.
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Here, as illustrated in FIG. 2, motor M1 and load L1 that
are control target CT1 of motor control system 100 illus-
trated in FIG. 1 can be affected by the operations of other
motor M2 and other load 1.2 that are control target CT2 of
other motor control system 200 illustrated in FIG. 1. In FIG.
2, a state in which control target CT2 of other motor control
system 200 illustrated in FIG. 1 is in contact with load L1
indicates that a reaction to the operation of control target
CT2 of other motor control system 200 illustrated in FIG. 1
is directly transmitted to load L1.

As an example, in a state in which the shaft of motor M1
is stopped and the shaft of other motor M2 is operating, a
disturbance torque caused by a reaction to the operation of
other motor M2 may act on load L1 and motor M1. In this
case, even though the shaft of motor M1 is stopped, the
position of the shaft of motor M1 may be displaced due to
the disturbance torque. Such a situation may occur, for
example, in an electronic component mounting machine
when motor control system 100 controls a movement of a
head (load 1.1) along an X-axis direction and other motor
control system 200 controls a movement of an arm (other
load [.2) having the head along a Y-axis direction.

Therefore, motor control system 100 solves the above
problem using the following configuration. That is, as illus-
trated in FIG. 1, motor control system 100 includes control
unit 1 and compensator 2.

Control unit 1 controls the operation of the shaft of motor
M1 in accordance with operation command S1 for motor
M1. Operation command S1 is given from controller Al
corresponding to a host system of motor control system 100
to motor control system 100. Similarly, operation command
S2 for other motor M2 is given from controller Al to other
motor control system 200.

Compensator 2 calculates compensation information
based on other-shaft information about the operation of the
other shaft of other motor M2 different from motor M1. The
other-shaft information is, for example, operation command
S2 for other motor M2. The compensation information is
information for compensating for an influence of the opera-
tion of the other shaft upon the shaft of motor M1. As an
example, when the disturbance torque caused by a reaction
to the operation of the other shaft (that is, other motor M2)
acts on load .1 and motor M1, the compensation informa-
tion is a compensation torque command for offsetting a
vibration caused by the disturbance torque. In other words,
the compensation torque command is a command for reduc-
ing the vibration caused by the disturbance torque acting on
at least one of motor M1 and load L1 connected to the shaft
of motor M1.

Control unit 1 controls the operation of the shaft of motor
M1 using the compensation information calculated by com-
pensator 2. As described above, in the present exemplary
embodiment, assuming the influence of the operation of the
other shaft of other motor M2 upon the shaft of motor M1,
the shaft of motor M1 can be operated to compensate for the
influence. Therefore, the present exemplary embodiment has
an advantage such that the vibration associated with the
operation of other motor M2 is easily reduced.

(2) Details

Hereinafter, motor control system 100 will be described in
detail with reference to FIGS. 1 and 2. Hereinafter, as an
example, it is assumed that, in the electronic component
mounting machine, motor control system 100 controls the
movement of the head (load LL1) along the X-axis direction,
and other motor control system 200 controls the movement
of the arm (other load [.2) having a head along the Y-axis
direction. Note that other motor control system 200 has the
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same configuration as motor control system 100 except that
compensator 2 is not included. Therefore, the description
about other motor control system 200 will be appropriately
omitted below.

As described above, operation command S1 for motor M1
is given from controller A1 to motor control system 100, and
operation command S2 for other motor M2 is given from
controller Al to other motor control system 200. Specifi-
cally, controller Al outputs command signal SO including
operation commands S1, S2 to command extractor B via a
wired network or a wireless network. Command extractor B
extracts operation commands S1, S2 from received com-
mand signal S0, outputs operation command S1 to motor
control system 100, and outputs operation command S2 to
other motor control system 200.

Command extractor B includes command extractors B1,
B2. Command extractor B1 extracts operation command S1
from received command signal S0, and outputs extracted
operation command S1 to motor control system 100. Opera-
tion command S1 is a position command that instructs a
target position of the shaft of motor M1. Command extractor
B2 extracts operation command S2 from received command
signal S0, and outputs extracted operation command S2 to
other motor control system 200. Operation command S2 is
a position command that instructs a target position of the
other shaft of other motor M2. In the present exemplary
embodiment, command extractor B2 outputs extracted
operation command S2 not only to other motor control
system 200 but also to motor control system 100. Note that
command extractor B1 may be configured to extract opera-
tion commands S1, S2 from command signal S0 and supply
them to motor control system 100.

At least a part of motor control system 100 is a computer
system mainly including one or more processors and memo-
ries as hardware. In motor control system 100, various
functions are achieved by one or more processors executing
a program recorded in the memory. The program may be
recorded in advance in the memory, may be provided
through a telecommunication line, or may be provided in a
manner that it is recorded in a non-transitory recording
medium such as an optical disk or a hard disk drive readable
by a computer system.

Motor control system 100 controls an electric current
supplied to motor M1 such that a current position of the shaft
detected by position detector D1 provided in motor M1
coincides with a target position of the shaft instructed by
operation command S1. Position detector D1 is, for
example, a rotary encoder. Similarly, other motor control
system 200 controls an electric current supplied to other
motor M2 such that a current position of the other shaft
detected by the position detector provided in other motor M2
coincides with a target position of the other shaft instructed
by operation command S2.

Control unit 1 controls the operation of the shaft of motor
M1 in accordance with operation command S1. Control unit
1 includes position controller 11, speed converter 12, speed
controller 13, and current controller 14.

A difference between operation command S1 and a detec-
tion result of position detector D1 is input to position
controller 11. That is, a deviation between the target position
of' the shaft of motor M1 and the current position of the shaft
of motor M1 is input to position controller 11. Position
controller 11 outputs a value obtained by performing pro-
portional control calculation on the input deviation as a
speed command. The speed command is a command for
instructing a target speed of the shaft of motor M1.
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Speed converter 12 outputs the detection result of position
detector D1, that is, a value calculated based on the current
position of the shaft of motor M1 as a shaft speed of the shaft
of motor M1.

A difference between the speed command and the shaft
speed is input to speed controller 13. That is, the deviation
between the target speed of the shaft of motor M1 and the
current speed of the shaft of motor M1 is input to speed
controller 13. Speed controller 13 outputs a value obtained
by performing a proportional integral control calculation on
the input deviation, as a torque command. The torque
command is a command for instructing a target torque acting
on the shaft of motor M1.

A combined torque command that is a sum of the torque
command and a compensation torque command (described
below) is input to current controller 14. Current controller 14
controls the current supplied to motor M1 such that a torque
instructed by the combined torque command is generated on
the shaft of motor M1.

Compensator 2 calculates a compensation torque com-
mand (compensation information) based on operation com-
mand S2 (other-shaft information) for other motor M2 and
outputs it. Compensator 2 includes torque estimator 3 and
compensation torque calculator 4.

Torque estimator 3 estimates, based on operation com-
mand S2 (other-shaft information), a disturbance torque
acting on motor M1 associated with the operation of the
other shaft of other motor M2. A position command for the
other shaft is input as operation command S2 to torque
estimator 3. Torque estimator 3 estimates the disturbance
torque from the position command for the other shaft using
a motion expression of a rotational motion [inertia (inertia
moment)xacceleration=torque]. Specifically, torque estima-
tor 3 differentiates the position command for the other shaft
twice to convert the position command into an acceleration
command of the other shaft. Furthermore, torque estimator
3 multiplies the acceleration command for the other shaft by
atotal inertia of the other shaft and further executes low-pass
filter processing to estimate the disturbance torque.

Here, the disturbance torque caused by the operation of
the other shaft acts on the shaft of motor M1 not at the time
when operation command S2 is input to other motor control
system 200 but after other motor M2 actually operates.
Therefore, torque estimator 3 executes the above-described
low-pass filter processing in order to prevent the disturbance
torque calculated from the position command for the other
shaft from deviating in time from the actual operation of
other motor M2. This enables the disturbance torque acting
on the shaft of motor M1 to be estimated more accurately
than a case where the low-pass filter processing is not
executed.

Compensation torque calculator 4 calculates a compen-
sation torque command based on the disturbance torque
estimated by torque estimator 3, and outputs the compen-
sation torque command as compensation information. Com-
pensation torque calculator 4 includes vibration compensa-
tor 41 and phase compensator 42.

Vibration compensator 41 receives the disturbance torque
estimated by torque estimator 3 and performs a calculation
based on a mathematical model (see FIG. 3) of control target
CT1 illustrated in FIG. 2 to output a temporary compensa-
tion torque command. FIG. 3 is a conceptual diagram
illustrating an example of a mathematical model of a control
system of a motor in the motor control system according to
the exemplary embodiment of the present disclosure. The
“temporary compensation torque command” in the present
disclosure corresponds to a compensation torque command
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that is calculated before phase compensator 42 executes
calculation processing, among the compensation torque
commands output from compensation torque calculator 4. If
compensation torque calculator 4 does not include phase
compensator 42, the temporary compensation torque com-
mand is the compensation torque command.

Here, control target CT1 is represented by a two-inertia
system model including an inertia of motor M1, spring
element C11 and damper element C12 (see FIG. 2) included
in connection portion C1 connecting the shaft of motor M1
and load L1, and the inertia of load L1. In FIG. 3, “J,”
represents the inertia of motor M1, “D,” represents a
viscous friction on a side of motor M1, “K,” represents
spring rigidity of connection portion C1, “D,” represents
damper viscosity of connection portion C1, “J,” represents
the inertia of load L1, and “D,” represents a viscous friction
on a side of load L1. In FIG. 3, “1,,” represents a motor
torque acting on motor M1, “t,” represents a load torque
acting on load L1, “m,,” represents a shaft speed (motor
speed) of the shaft of motor M1, “®,” represents a load speed
of load L1, and “s” represents a Laplace operator.

In FIG. 3, the disturbance torque caused by reaction to the
operation of the other shaft of other motor M2 acts on load
L1 as torque “t,”. The compensation torque acts on motor
M1 as torque “t,,”. Therefore, a transfer function in which
disturbance torque “t,” is an input and compensation torque
“1,.” is an output is derived such that compensation torque
T,, offsets the vibration generated in motor M1 by distur-
bance torque “t,” transmitted from the other shaft to load L1.

First transfer function “G,(s)” in which motor torque “t,,”
is an input and motor speed “®,,” is an output is expressed
by following expression (1). Further, second transfer func-
tion “G,(s)” in which load torque “t,” is an input and motor
speed “m,,” is an output is expressed by following expres-
sion (2).

13

[Expression 1]

(1+GL)-M )

W

Gis)= = = —— T
1= =T 6L oM
o ©m GLM @)
2= =T Gl om
1
M=
IS + Dy,
K
G==%.Dp
5 g
1
L=
Jis+ Dy

Then, third transfer function “G;(s)” in which load torque
(that is, disturbance torque) “t;” is an input and motor torque
(that is, compensation torque) ““t,” is an output in expres-
sions (1), (2) can be derived from following expression (3).

[Expression 2]

_ G, (s) _ Dgs + K¢

T GI® T s+ (D +Dps+ K,

&)

Wy T
Gi(s)=— —

T Wy

FIG. 4 is a diagram illustrating an example of frequency
characteristics of third transfer function “G;(s)” in the motor
control system according to the exemplary embodiment of
the present disclosure. In FIG. 4, a vertical axis represents a
gain, and a horizontal axis is a logarithmic axis and repre-
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8
sents a frequency. Hereinafter, the same applies to FIG. 7,
FIG. 9, and FIG. 11. As illustrated in FIG. 4, third transfer
function “G4(s)” is a second-order filter having the peak of
a resonance characteristic at “f,” that is an anti-resonance
frequency of control target CT1 illustrated in FIG. 2. Reso-
nance frequency “f,” is expressed by following expression

).

[Expression 3]

K

T

@
fi=

As illustrated in FIG. 1, vibration compensator 41
executes filter processing on the disturbance torque esti-
mated by torque estimator 3, using third transfer function
“G5(s)” to calculate and output a temporary compensation
torque command. That is, compensation torque calculator 4
executes the filter processing on the disturbance torque
based on the transfer function (third transfer function
“G4(s)”) to calculate the compensation torque command
(here, the temporary compensation torque command). In the
transfer function, the motor torque acting on motor M1 is an
input and load torque acting on load L1 is an output.

The filter processing described above is processing based
on a product of an inverse function of the transfer function
(first transfer function “G,(s)”) and the transfer function
(second transfer function “G,(s)”). In the first transfer func-
tion, the motor torque is an input and the motor speed is an
output. In the second transfer function, the load torque is an
input and the motor speed is an output.

Phase compensator 42 receives the temporary compensa-
tion torque command and performs a phase compensation
calculation to output the compensation torque command. As
described above, current controller 14 controls the current
supplied to motor M1 such that the torque instructed by the
torque command is generated in motor M1. However, a
delay may be caused by response performance of current
controller 14 between the time when the torque command is
input and the time when the torque instructed by the torque
command is generated in motor M1. Therefore, in a case
where the temporary compensation torque command is
directly input to current controller 14, a phase difference
may be caused between the disturbance torque and the
torque instructed by the temporary compensation torque
command. Such a phase difference may deteriorate the
performance of reducing the vibration caused by the distur-
bance torque.

Therefore, to reduce the vibration, phase compensator 42
in compensation torque calculator 4 calculates the compen-
sation torque command in consideration of the phase dif-
ference. In other words, compensation torque calculator 4
includes phase compensator 42 that compensates the phase
difference between the torque instructed by the compensa-
tion torque command (here, the temporary compensation
torque command) and the disturbance torque.

Phase compensator 42 includes, for example, a first-order
filter. In phase compensator 42, a time constant is set for the
input temporary compensation torque command such that
the phase difference is reduced. Therefore, phase compen-
sator 42 performs a phase compensation calculation on the
input temporary compensation torque command to output
the compensation torque command in consideration of the
phase difference. The combined torque command that is the
sum of the compensation torque command and the torque
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command is input to current controller 14. Current controller
14 controls the current supplied to motor M1 such that the
torque instructed by the combined torque command is
generated in motor M1. This can reduce the vibration caused
by the disturbance torque.

FIGS. 5A and 5B illustrate examples of results of simu-
lations for verifications of the effect of reducing the vibration
caused by the disturbance torque. FIGS. 5A and 5B are
diagrams illustrating the examples of the results of simula-
tions of the motor control system according to the exemplary
embodiment of the present disclosure. FIG. 5A illustrates the
example of the simulation result in a case where the com-
bined torque command is given to current controller 14
illustrated in FIG. 1 (that is, in a case where the compen-
sation torque command is provided to current controller 14).
FIG. 5B illustrates the example of the simulation result in a
case where only the torque command is given to current
controller 14 illustrated in FIG. 1 (that is, in a case where the
compensation torque command is not given to current
controller 14). In these simulations, only the other shaft of
other motor M2 is intentionally operated by giving operation
command S2 to other motor control system 200 with the
shaft of motor M1 being stopped.

In each of FIGS. 5A and 5B, a vertical axis represents the
deviation between the target position of the shaft of motor
M1 and the current position of the shaft of motor M1, and
a horizontal axis represents time. In the present exemplary
embodiment, since the shaft of motor M1 is stopped, the
deviation becomes zero if no disturbance torque acts. Here-
inafter, the same applies to FIGS. 8A and 8B, FIGS. 10A and
10B, FIGS. 12A and 12B, and FIGS. 15A and 15B. In each
of FIGS. 5A and 5B, operation command S2 is given to other
motor control system 200 between time t0 and time t1.

In FIG. 5B, the deviation fluctuates as operation com-
mand S2 is given to other motor control system 200 and the
other shaft of other motor M2 operates. That is, in FIG. 5B,
although the shaft of motor M1 is stopped, the position of the
shaft of motor M1 fluctuates due to the disturbance torque
acting on motor M1. On the other hand, in FIG. 5A, the
fluctuation in the deviation, that is, the fluctuation in the
position of the shaft of motor M1 is reduced as compared
with FIG. 5B.

In such a manner, in the present exemplary embodiment,
the vibration caused by the disturbance torque can be
reduced by controlling the operation of the shaft of motor
M1 using the compensation information (compensation
torque command) calculated by compensator 2. As a result,
the deviation between the target position of the shaft of
motor M1 and the current position of the shaft of motor M1
can be reduced as compared with a case where compensator
2 is not provided. That is, assuming the influence of the
operation of the other shaft of other motor M2 upon the shaft
of motor M1, motor control system 100 can operate the shaft
of motor M1 such that this influence is compensated. There-
fore, the present exemplary embodiment has an advantage
such that the vibration caused by the operation of other
motor M2 can be easily reduced.

In particular, before the disturbance torque actually acts
on motor M1, the disturbance torque is predicted based on
operation command S2 given to other motor M2, and the
operation of the shaft of motor M1 is controlled such that the
vibration cause by the predicted disturbance torque is offset.
Therefore, the present exemplary embodiment has an advan-
tage such that the vibration caused by the operation of other
motor M2 can be reduced more easily as compared with the
case where the vibration is reduced by feedback control after
the disturbance torque acts on motor M1.
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10
(3) Operation

Hereinafter, an example of the operation of motor control
system 100 will be described with reference to FIG. 6. It is
assumed that motor control system 100 generates a torque
command based on operation command S1 for motor M1.

First, the operation in a case where operation command
S2 is not given to other motor M2 (No in step S101) will be
described. In this case, since operation command S2 is not
input, the compensation torque command is not generated
(or the compensation torque command is 0). Therefore,
motor M1 is controlled by the torque command generated
based on operation command S1 (step S102).

As aresult, when the shaft of motor M1 is operating, that
is, when operation command S1 is given to motor M1, a
current associated with the torque command generated based
on operation command S1 is output to motor M1. On the
other hand, when the shaft of motor M1 is stopped, that is,
when operation command S1 is not given to motor M1,
neither the torque command nor the compensation torque
command is input (or both values are 0). Therefore, the shaft
of motor M1 continues to stop.

Then, when operation command S2 is given to other
motor M2 (Yes in step S101), operation command S2 is
acquired, and the disturbance torque is estimated based on
acquired operation command S2 (step S103). A compensa-
tion torque command is then generated based on the esti-
mated disturbance torque (step S104). In step S104, a
temporary compensation torque command is first generated
based on the estimated disturbance torque (step S104a).
Thereafter, a compensation torque command is generated
based on the temporary compensation torque command (step
S1045).

A combined torque command that is a sum of the gener-
ated torque command and the compensation torque com-
mand is calculated (step S105). Thereafter, a current sup-
plied to motor M1 is output based on the calculated
combined torque command (step S106).

As aresult, when the shaft of motor M1 is operating, that
is, when operation command S1 is given to motor M1, motor
M1 is controlled based on the combined torque command.
On the other hand, when the shaft of motor M1 is stopped,
that is, when operation command S1 is not given to motor
M1, motor M1 is controlled based on the compensation
torque command. When operation command S1 is not given
to motor M1, the calculation for calculating the sum of the
generated torque command and the compensation torque
command may not be performed. In this case, when the
current supplied to motor M1 is output (step S106), the
current supplied to motor M1 may be output based on the
compensation torque command instead of the combined
torque command.

As described above, in both the cases where the shaft of
motor M1 is operating and is stopped, the operation of the
shaft of motor M1 is controlled using the compensation
information (compensation torque command). Therefore, in
any of the above cases, the vibration caused by the distur-
bance torque can be reduced.

(4) Modifications

The above-described exemplary embodiment is merely
one of various exemplary embodiments of the present dis-
closure. The above-described exemplary embodiment can be
variously changed according to a design and the like as long
as the object of the present disclosure can be achieved. A
function similar to that of the motor control system may be
embodied by a motor control method, a computer program,
a non-transitory recording medium recording a computer
program, or the like.
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A motor control method according to one aspect of the
present disclosure includes a control step and a compensa-
tion step. The control step is a step of controlling an
operation of a shaft of motor M1 in accordance with
operation command S1 for motor M1. The compensation
step is a step of calculating compensation information based
on other-shaft information (here, operation command S2)
about an operation of another shaft of other motor M2
different from motor M1. The compensation information is
information for compensating for an influence of the opera-
tion of the other shaft upon the shaft of motor M1. In the
control step, the operation of the shaft of motor M1 is
controlled by using the compensation information calculated
in the compensation step.

A program according to one aspect of the present disclo-
sure is a program for causing one or more processors to
execute the motor control method described above.

Hereinafter, first to seventh modifications of the above-
described exemplary embodiment will be described.

(4.1) First Modification

In motor control system 100 of the first modification,
viscous friction of damper element C12 illustrated in FIG. 2
is greater than the viscous friction of damper element C12 in
the above-described exemplary embodiment. In motor con-
trol system 100 of the first modification, calculation pro-
cessing in vibration compensator 41 is different from the
calculation processing in vibration compensator 41 in the
exemplary embodiment.

Specifically, instead of the filter processing using third
transfer function “G;(s)” described in the exemplary
embodiment, vibration compensator 41 of the present modi-
fication performs filter processing using a first-order low-
pass filter having a cutoff frequency around the peak of a
resonance characteristic of third transfer function “G(s)”. In
other words, the filter processing executed by compensation
torque calculator 4 (here, vibration compensator 41) is
processing based on a transfer function of the first-order
low-pass filter.

FIG. 7 is a diagram illustrating the example of the
frequency characteristic of third transfer function “G(s)”
according to the exemplary embodiment of the present
disclosure (see a broken line in FIG. 7) and an example of
a frequency characteristic of the first-order low-pass filter
used in vibration compensator 41 according to the first
modification (see a solid line in FIG. 7). In the present
modification, since the viscous friction of damper element
C12 illustrated in FIG. 2 is greater than that in the exemplary
embodiment, damper viscosity “D,” of connection portion
C1 is higher than that in the exemplary embodiment. There-
fore, in the present modification, in the frequency charac-
teristic of third transfer function “G;(s)”, a gain at the peak
of the resonance characteristic is smaller than that in the
exemplary embodiment. Therefore, in the present modifica-
tion, the frequency characteristic of third transfer function
“Gj(s)” approximates the frequency characteristic of the
first-order low-pass filter having the cutoff frequency near
the peak of the resonance characteristic.

Therefore, in the present modification, vibration compen-
sator 41 performs the filter processing using the first-order
low-pass filter as described above to be capable of output-
ting the compensation torque command (here, the temporary
compensation torque command) that can sufficiently offset
the vibration caused by the disturbance torque, as in the
exemplary embodiment.

FIGS. 8A and 8B are diagrams illustrating examples of
simulation results of the motor control system according to
the first modification of the exemplary embodiment of the
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present disclosure. FIG. 8A illustrates the example of the
simulation result in a case where a combined torque com-
mand is given to current controller 14 (that is, a case where
the compensation torque command is given to current con-
troller 14). FIG. 8B illustrates the example of the simulation
result in a case where only the torque command is given to
current controller 14 (that is, a case where the compensation
torque command is not given to current controller 14). In
these simulations, only the other shaft of other motor M2 is
intentionally operated by giving operation command S2 to
other motor control system 200 with the shaft of motor M1
being stopped.

In each of FIGS. 8A and 8B, operation command S2 is
given to other motor control system 200 between time t2 and
time t3. In FIG. 8B, a deviation fluctuates as operation
command S2 is given to other motor control system 200 and
the other shaft of other motor M2 operates. That is, in FIG.
8B, although the shaft of motor M1 is stopped, the position
of the shaft of motor M1 fluctuates due to the disturbance
torque acting on motor M1. In FIG. 8A, the fluctuation in the
deviation, that is, the fluctuation in the position of the shaft
of motor M1 is reduced as compared with FIG. 8B.

In such a manner, in the present modification, the vibra-
tion caused by the disturbance torque can be reduced as in
the exemplary embodiment. In the present modification,
unlike the exemplary embodiment, the order of the filter
used in the filter processing in vibration compensator 41 is
reduced from second order to first order. Therefore, in the
present modification, a calculation load in vibration com-
pensator 41 can be reduced as compared with the exemplary
embodiment.

(4.2) Second Modification

In motor control system 100 according to a second
modification, a transfer function used in the filter processing
of vibration compensator 41 is different from that in the
exemplary embodiment. Specifically, in the exemplary
embodiment, the transfer function in which disturbance
torque “t,” is an input and compensation torque “t,.” is an
output is derived such that compensation torque “t,,” offsets
the vibration generated in motor M1 by disturbance torque
“t,”. On the other hand, in the present modification, a
transfer function in which disturbance torque “t,” is an input
and compensation torque “t,,” is an output is derived such
that compensation torque “t,,” offsets a vibration generated
in load L1 by disturbance torque “tl”.

Fourth transfer function “G,(s)” in which motor torque
T, 1s an input and load speed “®,” is an output is expressed
by following expression (5). Further, fifth transfer function
“Gs(s)” in which load torque “t,” is an input and load speed
“m,” is an output is expressed by following expression (6).

13

[Expression 4]
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Further, sixth transfer function “Gg(s)” in which load
torque (that is, disturbance torque) “t,” is an input and motor
torque (that is, compensation torque) “t,,” is an output in
expressions (5), (6) can be derived from following expres-
sion (7).
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[Expression 5]
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Here, sixth transfer function “Gg(s)” is an unstable trans-
fer function in which the order of a numerator is larger than
the order of a denominator. Therefore, proper seventh trans-
fer function “G,(s)” expressed by following expression (8)
is derived by adding filter processing using a first-order
low-pass filter having cutoff frequency “®” to sixth transfer
function “Gg(s)”. Here, cutoff frequency “®” is a frequency
higher than an anti-resonance frequency in the frequency
characteristic of sixth transfer function “Gg (s)”.

[Expression 6]

Jns? + (D + Dg)s + K, ®
G7(s)=G6(s)-L:M-L
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That is, in the present modification, the above-described
filter processing is processing based on a product of the
transfer function (fifth transfer function “Gs(s)”), the trans-
fer function (an inverse function of fourth transfer function
“G,(s)”), and the transfer function of the first-order low-pass
filter. In the fifth transfer function, the load torque is an input
and the load speed is an output. In the fourth transfer
function, the motor torque is an input, and the load speed is
an output. In the present modification, the cutoff frequency
of the first-order low-pass filter is higher than or equal to the
anti-resonance frequency of the frequency characteristic of
the transfer function in which the load torque is an input and
the load speed is an output (sixth transfer function “Gg(s)”).

FIG. 9 is a diagram illustrating an example of a frequency
characteristic of seventh transfer function “G,(s)” in a motor
control system according to the second modification of the
exemplary embodiment of the present disclosure. As illus-
trated in FIG. 9, seventh transfer function “G,(s)” is a
second-order filter having a peak of a resonance character-
istic at anti-resonance frequency “f,” of control target CT1.
Anti-resonance frequency “f,” is expressed by following
expression (9).

[Expression 7]

K

Tn
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Vibration compensator 41 executes filter processing using
seventh transfer function “G,(s)” on the disturbance torque
estimated by torque estimator 3 to output a compensation
torque command (here, temporary compensation torque
command).

FIGS. 10A and 10B are diagrams illustrating examples of
results of simulations for verifications in the motor control
system according to the second modification of the exem-
plary embodiment of the present disclosure. FIG. 10A
illustrates the example of the simulation result in a case
where a combined torque command is given to current
controller 14 (that is, in a case where the compensation
torque command is given to current controller 14). FIG. 10B
illustrates the example of the simulation result in a case
where only the torque command is given to current control-
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ler 14 (that is, in a case where the compensation torque
command is not given to current controller 14). In these
simulations, only the other shaft of other motor M2 is
intentionally operated by giving operation command S2 to
other motor control system 200 with the shaft of motor M1
being stopped.

In each of FIGS. 10A and 10B, operation command S2 is
given to other motor control system 200 between time t4 and
time t5. In FIG. 10B, a deviation fluctuates as operation
command S2 is given to other motor control system 200 and
the other shaft of other motor M2 operates. That is, in FIG.
10B, although the shaft of motor M1 is stopped, the position
of the shaft of motor M1 fluctuates due to the disturbance
torque acting on motor M1. On the other hand, in FIG. 10A,
the fluctnation in the deviation, that is, the fluctuation in the
position of the shaft of motor M1 is reduced as compared
with FIG. 10B.

In such a manner, in the present modification, the vibra-
tion caused by the disturbance torque can be reduced as in
the exemplary embodiment.

(4.3) Third Modification

In motor control system 100 according to a third modi-
fication, viscous friction of damper element C12 is greater
than the viscous friction of damper element C12 in the
second modification. In motor control system 100 according
to the third modification, calculation processing in vibration
compensator 41 is different from the calculation processing
in vibration compensator 41 in the second modification.

Specifically, in the present modification, vibration com-
pensator 41 executes filter processing using a first-order
high-pass filter having a cutoff frequency near the peak of a
resonance characteristic of seventh transfer function “G,(s)”
instead of the filter processing using seventh transfer func-
tion “G,(s)” in the second modification. In other words, the
filter processing executed by compensation torque calculator
4 (here, vibration compensator 41) is processing based on a
transfer function of the first-order high-pass filter.

FIG. 11 is a diagram illustrating an example of a fre-
quency characteristic of the first-order high-pass filter in a
motor control system according to the third modification of
the exemplary embodiment of the present disclosure. In FIG.
11, a broken line indicates the example of the frequency
characteristic of seventh transfer function “G,(s)” described
in the second modification. A solid line indicates an example
of a frequency characteristic of the first-order high-pass filter
used in vibration compensator 41 according to the present
modification. In the present modification, since viscous
friction of damper element C12 is greater than that in the
second modification, damper viscosity “D_” of connection
portion C1 is higher than that in the second modification.
Therefore, in the present modification, in the frequency
characteristic of seventh transfer function “G,(s)”, a gain at
the peak of the resonance characteristic is greater than that
in the second modification. Therefore, in the present modi-
fication, the frequency characteristic of seventh transfer
function “G-(s)” is similar to the frequency characteristic of
the first-order high-pass filter having the cutoff frequency
near the peak of the resonance characteristic.

Therefore, in the present modification, vibration compen-
sator 41 executes the filter processing using the first-order
high-pass filter as described above to be capable of output-
ting a compensation torque command (here, a temporary
compensation torque command) that can sufficiently offset
the vibration caused by the disturbance torque, as in the
second modification.

FIGS. 12A and 12B are diagrams illustrating examples of
simulation results of the motor control system according to
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the third modification of the exemplary embodiment of the
present disclosure. FIG. 12A illustrates the example of the
simulation result in a case where a combined torque com-
mand is given to current controller 14 (that is, in a case
where the compensation torque command is given to current
controller 14). FIG. 12B illustrates the example of the
simulation result in a case where only the torque command
is given to current controller 14 (that is, in a case where the
compensation torque command is not given to current
controller 14). In these simulations, only another shaft of
other motor M2 is intentionally operated by giving operation
command S2 to other motor control system 200 with the
shaft of motor M1 being stopped.

In each of FIGS. 12A and 12B, operation command S2 is
given to other motor control system 200 between time t6 and
time t7. In FIG. 12B, a deviation fluctuates as operation
command S2 is given to other motor control system 200 and
the other shaft of other motor M2 operates. That is, in FIG.
12B, although the shaft of motor M1 is stopped, the position
of the shaft of motor M1 fluctuates due to the disturbance
torque acting on motor M1. In FIG. 12A, the fluctuation in
the deviation, that is, the fluctuation in the position of the
shaft of motor M1 is reduced as compared with FIG. 12B.

In such a manner, in the present modification, as in the
second modification, the vibration caused by the disturbance
torque can be reduced. In the present modification, unlike
the second modification, the order of the filter used in the
filter processing in vibration compensator 41 is reduced
from second order to first order. Therefore, in the present
modification, a calculation load in vibration compensator 41
can be reduced as compared with the second modification.
(4.4) Fourth Modification

FIG. 13 is a conceptual diagram of a control target of a
motor and a control target of another motor in a motor
control system according to a fourth modification of the
exemplary embodiment of the present disclosure. As illus-
trated in FIG. 13, motor control system 100 according to the
fourth modification is different from the exemplary embodi-
ment in that control target CT2 (other motor M2 and other
load [.2) of other motor control system 200 is installed at a
position that can directly affect both motor M1 and load 1.
In FIG. 13, a state in which control target CT2 of other motor
control system 200 is in contact with both motor M1 and
load L1 indicates that a reaction to the operation of control
target CT2 of other motor control system 200 is directly
transmitted to both motor M1 and load L1.

That is, in the exemplary embodiment, the reaction to the
operation of control target CT2 is directly transmitted to load
L1, and is indirectly transmitted to motor M1 via connection
portion C1. On the contrary, in the present modification, the
reaction to the operation of control target CT2 is directly
transmitted to both motor M1 and load L1.

In the present modification, when a shaft of other motor
M2 operates, a disturbance torque caused by the reaction to
the operation of other motor M2 directly acts on both motor
M1 and load L1. Here, since the inertia is different between
motor M1 and load L1, even when the same disturbance
torque acts, a misalignment occurs therebetween. When the
misalignment occurs therebetween, a vibration occurs due to
elasticity of spring element C11, and both motor M1 and
load L1 may vibrate. On the other hand, since the distur-
bance torque directly acting on motor M1 is transmitted to
motor M1 bypassing spring element C11, the vibration
caused by the disturbance torque does not occur in motor
M1, and instead, an impulse type deviation may occur.

FIG. 14 is a block diagram illustrating an outline of a main
part of the motor control system according to the fourth

35

40

45

16

modification of the exemplary embodiment of the present
disclosure. As illustrated in FIG. 14, in the present modifi-
cation, unlike the exemplary embodiment, compensator 2
further includes deviation compensator 43 in order to reduce
the above-described impulse type deviation. Deviation com-
pensator 43 compensates, based on the disturbance torque
estimated by torque estimator 3, the deviation generated in
motor M1 when the disturbance torque acts on motor M1,
bypassing load L1. Specifically, deviation compensator 43
uses the disturbance torque estimated by torque estimator 3
as an input and executes calculation processing for multi-
plying the disturbance torque by a coefficient. As a result,
deviation compensator 43 outputs a deviation compensation
torque command. Therefore, in the present modification,
compensator 2 outputs, to control unit 1, a compensation
torque command that is a sum of a compensation torque
command output from phase compensator 42 and the devia-
tion compensation torque command output from deviation
compensator 43.

FIGS. 15A and 15B are diagrams illustrating examples of
simulation results of the motor control system according to
the fourth modification of the exemplary embodiment of the
present disclosure. FIG. 15A illustrates the example of the
simulation result in a case where a combined torque com-
mand is given to current controller 14 (that is, in a case
where the compensation torque command is given to current
controller 14). FIG. 15B illustrates the example of the
simulation result in a case where only the torque command
is given to current controller 14 (that is, in a case where the
compensation torque command is not given to current
controller 14). In these simulations, only the other shaft of
other motor M2 is intentionally operated by giving operation
command S2 to other motor control system 200 with the
shaft of motor M1 being stopped.

In each of FIGS. 15A and 15B, operation command S2 is
given to other motor control system 200 between time t8 and
time 19. In FIG. 15B, the deviation fluctuates as operation
command S2 is given to other motor control system 200 and
the other shaft of other motor M2 operates. That is, in FIG.
15B, although the shaft of motor M1 is stopped, the position
of the shaft of motor M1 fluctuates due to the disturbance
torque acting on motor M1. On the other hand, in FIG. 15A,
the fluctuation in the deviation, that is, the fluctuation in the
position of the shaft of motor M1 is reduced as compared
with FIG. 15B.

In such a manner, in the present modification, the vibra-
tion caused by the disturbance torque can be reduced as in
the exemplary embodiment. In the present modification, it is
possible to further reduce an impulse type deviation caused
by the disturbance torque directly acting on motor M1.
(4.5) Fifth Modification

FIG. 16 is a conceptual diagram of a control target of a
motor and control targets of a plurality of other motors in
motor control system 100 according to a fifth modification
of the exemplary embodiment of the present disclosure. As
illustrated in FIG. 16, motor control system 100 according to
the fifth modification is different from that in the above
exemplary embodiment in that motor M1 and load L1 may
be affected by operations of control targets CT21, CT22 of
the plurality of (here, two) other motor control systems 200
(see FIG. 17). In FIG. 16, a state in which control targets
CT21, CT22 are in contact with load L1 indicates that
reactions to the operations of control targets CT21, CT22 are
directly transmitted to load 1.

FIG. 17 is a block diagram illustrating an outline of a
motor control system according to the fiftth modification of
the exemplary embodiment of the present disclosure. Other
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motor M21 and other load .21, which are control targets
CT21, are controlled by other motor control system 201
illustrated in FIG. 17. Similarly, other motor M22 and other
load 1.22, which are control targets CT22, are controlled by
other motor control system 202 illustrated in FIG. 17. As
illustrated in FIG. 17, controller A1 outputs command signal
S0 including operation commands S1, S21, S22 to command
extractor B via a wired network or a wireless network.
Command extractor B outputs operation commands S1, S21,
S22 based on command signal S0. Note that command
extractor B outputs operation command S21 to other motor
control system 201, and outputs operation command S22 to
other motor control system 202. Further, command extractor
B outputs operation command S1 to motor control system
100. Other motor control systems 201, 202 receive operation
commands S21, S22 output from command extractor B, and
control the operations of the shafts of other motors M21,
M22, respectively.

Motor control system 100 includes two compensators 2.
Operation command S21 for other motor control system 201
is input to first compensator 21 of two compensators 2.
Operation command S22 for other motor control system 202
is input to second compensator 22 of two compensators 2.

Note that command extractor B includes command
extractors Bl, B21, B22. Command extractor B1 outputs
operation command S1 to motor control system 100. Com-
mand extractor B21 outputs operation command S21 to
other motor control system 201. Command extractor B22
outputs operation command S22 to other motor control
system 202.

First compensator 21 calculates a first compensation
torque command based on input operation command S21 to
output it. Similarly, second compensator 22 calculates a
second compensation torque command based on input
operation command S22 to output it. Accordingly, compen-
sator 2 outputs a compensation torque command that is a
sum of the first compensation torque command and the
second compensation torque command to control unit 1.

Note that in the present modification, the sum of the first
compensation torque command and the second compensa-
tion torque command is used as the compensation torque
command, but each of the first compensation torque com-
mand and the second compensation torque command may be
output as the compensation torque command. In this case,
control unit 1 calculates the sum of the first compensation
torque command, the second compensation torque com-
mand, and the torque command.

As described above, in the present modification, the
plurality of other motors M2 are provided. Compensators 2
calculate compensation information (compensation torque
commands) based on other-shaft information (operation
commands S21, S22) of the plurality of other motors M2.
Therefore, even when the disturbance torques caused by the
reactions to the operations of the plurality of other motors
M2 act on motor M1 and load L1, vibrations caused by the
disturbance torques can be reduced.

Note that in the present modification, a number of control
targets CT2 in other motor control systems 200 is two, but
may be three or more. In this case, motor control system 100
may include three or more compensators 2 corresponding to
three or more control targets CT2. That is, a number of
compensators 2 is equal to a number of other motors M2.
(4.6) Sixth Modification

FIG. 18 is a block diagram illustrating an outline of motor
control system 100 according to a sixth modification of the
exemplary embodiment of the present disclosure. As illus-
trated in FIG. 18, motor control system 100 according to the
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sixth modification is different from that in the exemplary
embodiment in that other motor control system 200 includes
compensator 2. That is, in the present modification, other
motor control system 200 corresponds to motor control
system 100. In one motor control system 100, compensator
2 calculates a compensation torque command based on
operation command S12 for other motor control system 100
(other motor control system 200) and outputs the compen-
sation torque command to control unit 1. Similarly, in other
motor control system 100, compensator 2 calculates a com-
pensation torque command based on operation command
S11 for one motor control system 100 and outputs the
compensation torque command to control unit 1.

In such a manner, compensators 2 of two motor control
systems 100 each calculate the compensation information
(compensation torque command) using operation command
S1 for motor control system 100 as a counterpart. Therefore,
in the present modification, a vibration caused by distur-
bance torque can be reduced in both of two motor control
systems 100.

(4.7) Seventh Modification

FIG. 19 is a block diagram illustrating an outline of a
motor control system according to a seventh modification of
the exemplary embodiment of the present disclosure. As
illustrated in FIG. 19, motor control system 100 according to
the seventh modification is different from that in the sixth
modification in that compensator 2 is shared by a plurality
of (here, two) motor control systems 100. That is, each of
two motor control systems 100 includes control unit 1. Both
operation commands S11, S12 for two motor control sys-
tems 100, respectively, are input to compensator 2. Com-
pensator 2 is configured to be connectable to any one of one
control unit 1 and other control unit 1.

When operation command S11 is given to one motor
control system 100, compensator 2 calculates compensation
information (a compensation torque command) based on
operation command S11, and outputs the calculated com-
pensation information to control unit 1 of other motor
control system 100. Similarly, when operation command
S12 is given to other motor control system 100, compensator
2 calculates compensation information based on operation
command S12, and outputs the calculated compensation
information to control unit 1 of one motor control system
100.

In this manner, one compensator 2 is shared by two motor
control systems 100. As a result, as in the sixth modification,
a vibration caused by a disturbance torque can be reduced in
both of two motor control systems 100.

(4.8) Other Modifications

Hereinafter, modifications other than the first to seventh
modifications described above will be described. The modi-
fications described below can be appropriately combined
and applied.

In the above exemplary embodiment, load L1 connected
to the shaft of motor M1 may be appropriately changed
according to an application of motor M1. In this case, it is
preferable that compensator 2 can set a parameter used to
calculate compensation information (here, a compensation
torque command) in accordance with load [.1 connected to
the shaft of motor M1.

In the above exemplary embodiment, torque estimator 3
illustrated in FIG. 1 estimates the disturbance torque using
the position command as operation command S2 for other
motor M2. However, the present disclosure is not limited
thereto, and the disturbance torque may be estimated by
using, for example, a speed command or an acceleration
command. In these aspects, in the calculation processing for
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estimating the disturbance torque, a number of differential
calculations necessary for estimating the disturbance torque
can be reduced. This can reduce a calculation load.

In the exemplary embodiment, torque estimator 3 may
estimate the disturbance torque using an operation amount
(position, speed, or acceleration of another shaft) of another
shaft of other motor M2 instead of operation command S2
(position command, speed command, or acceleration com-
mand) for other motor M2. In this aspect, since the distur-
bance torque is estimated by using the actual operation
amount of other motor M2, low-pass filter processing is
unnecessary in the calculation processing for estimating the
disturbance torque. Further, this aspect has an advantage
such that the disturbance torque is more easily estimated as
compared with the case of estimating the disturbance torque
using operation command S2.

In the exemplary embodiment, motor control system 100
adds the compensation torque command to the torque com-
mand to control the operation of the shaft of motor M1.
However, the present disclosure is not limited to this aspect.
For example, motor control system 100 may add, based on
operation command S2 for other motor M2, a compensation
position command or a compensation speed command for
offsetting the vibration caused by the disturbance torque to
the position command or the speed command for motor M1
to control the operation of the shaft of motor M1. That is, the
compensation information is not limited to the compensa-
tion torque command.

(Summary)

As described above, motor control system 100 according
to a first aspect includes control unit 1 and compensator 2.
Control unit 1 controls the operation of the shaft of motor
M1 in accordance with operation command S1 for motor
M1. Compensator 2 calculates compensation information
based on other-shaft information (operation command S2)
about the operation of the other shaft of other motor M2
different from motor M1. The compensation information is
information for compensating for an influence of the opera-
tion of the other shaft upon the shaft. Control unit 1 controls
the operation of the shaft using the compensation informa-
tion calculated by compensator 2.

This aspect provides an advantage such that a vibration
caused by the operation of other motor M2 can be easily
reduced.

In motor control system 100 according to a second aspect,
in the first aspect, compensator 2 includes torque estimator
3 and compensation torque calculator 4. Torque estimator 3
estimates, based on the other-shaft information, the distur-
bance torque acting on motor M1 in accordance with the
operation of the other shaft. Compensation torque calculator
4 calculates the compensation torque command based on the
disturbance torque, and outputs the compensation torque
command as the compensation information. The compensa-
tion torque command is a command for reducing the vibra-
tion caused by the disturbance torque acting on at least one
of motor M1 and load L1 connected to the shaft of motor
Ml.

This aspect provides an advantage such that the distur-
bance torque due to the reaction to the operation of other
motor M2 can be offset by the torque generated by the
compensation torque command, and thus a vibration can be
easily reduced.

In motor control system 100 according to a third aspect,
in the second aspect, compensation torque calculator 4
executes the filter processing on the disturbance torque
based on the transfer function (third transfer function
“G5(s)”) to calculate the compensation torque command. In
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the transfer function, the motor torque acting on motor M1
is an input and load torque acting on load L1 is an output.

This aspect provides an advantage such that the distur-
bance torque due to the reaction to the operation of other
motor M2 can be offset by the torque generated by the
compensation torque command, and thus a vibration can be
easily reduced.

In motor control system 100 according to a fourth aspect,
in the third aspect, the filter processing is processing based
on the product of the transfer function (first transfer function
“G,(s)”) and the inverse function of the transfer function
(second transfer function “G,(s)”). In the first transfer func-
tion, the motor torque is an input, and the motor speed of the
motor is an output. In the second transfer function, the load
torque is an input and the motor speed is an output.

This aspect provides an advantage such that the distur-
bance torque due to the reaction to the operation of other
motor M2 can be offset by the torque generated by the
compensation torque command and thus a vibration can be
easily reduced.

In motor control system 100 according to a fitth aspect, in
the third aspect, the filter processing is processing based on
the transfer function of the first-order low-pass filter.

This aspect provides an advantage such that the calcula-
tion load of the filter processing in compensator 2 is easily
reduced.

In motor control system 100 according to a sixth aspect,
in the third aspect, the filter processing is processing based
on the product of the transfer function (fifth transfer function
“Gs(s)”), the transfer function (fourth transfer function
“G4(s)”), and the transfer function of the first-order low-pass
filter. In the fifth transfer function, the load torque is an input
and the load speed of the load is an output. In the fourth
transfer function, the motor torque is an input, and the load
speed is an output.

This aspect provides an advantage such that the distur-
bance torque due to the reaction to the operation of other
motor M2 can be offset by the torque generated by the
compensation torque command and thus a vibration can be
easily reduced.

In motor control system 100 according to a seventh
aspect, in the fifth aspect, the cutoff frequency of the
first-order low-pass filter is higher than or equal to an
anti-resonance frequency of the frequency characteristic of
the transfer function (sixth transfer function “Gg(s)”) in
which the load torque is an input and the motor torque is an
output.

This aspect provides an advantage such that the distur-
bance torque due to the reaction to the operation of other
motor M2 can be offset by the torque generated by the
compensation torque command and thus a vibration can be
easily reduced.

In motor control system 100 according to an eighth
aspect, in the fifth aspect, the filter processing is processing
based on the transfer function of the first-order high-pass
filter.

This aspect provides an advantage such that a calculation
load of the filter processing in compensator 2 is easily
reduced.

In motor control system 100 according to a ninth aspect,
in any one of the second to eighth aspects, compensation
torque calculator 4 includes phase compensator 42 that
compensates a phase difference between the torque
instructed by the compensation torque command and the
disturbance torque.

This aspect provides an advantage such that the phase
difference between the disturbance torque and the torque
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generated by the compensation torque command is less
likely to occur and thus the vibration caused by the distur-
bance torque is easily reduced.

In motor control system 100 according to a tenth aspect,
in the ninth aspect, phase compensator 42 includes a first-
order filter.

This aspect provides an advantage such that the phase
difference between the disturbance torque and the torque
generated by the compensation torque command is less
likely to occur and thus the vibration caused by the distur-
bance torque is easily reduced.

In motor control system 100 according to an eleventh
aspect, in any one of the second to tenth aspects, compen-
sator 2 further includes deviation compensator 43. Deviation
compensator 43 compensates a deviation generated in motor
M1 when the disturbance torque acts on motor M1 bypass-
ing load L1, based on the disturbance torque.

This aspect provides an advantage such that the impulse
type deviation caused by the disturbance torque directly
acting on motor M1 is easily reduced.

In motor control system 100 according to a twelfth aspect,
in any one of the first to eleventh aspects, other motor M2
includes a plurality of other motors. Compensator 2 calcu-
lates the compensation information based on the other-shaft
information of each of the plurality of other motors M2.

This aspect provides an advantage such that even when a
disturbance torque due to the reactions to the operations of
the plurality of other motors M2 act on motor M1 and load
L1, the vibration caused by the disturbance torque is easily
reduced.

In motor control system 100 according to a thirteenth
aspect, in any one of the first to twelfth aspects, compensator
2 can set a parameter used to calculate the compensation
information in accordance with load L1 connected to the
shaft of motor M1.

This aspect provides an advantage such that the vibration
caused by the disturbance torque can be appropriately
reduced in accordance with an application of motor M1.

A motor control method according to a fourteenth aspect
includes a control step and a compensation step. The control
step is a step of controlling the operation of the shaft of
motor M1 in accordance with operation command S1 for
motor M1. The compensation step is a step of calculating the
compensation information based on the other-shaft informa-
tion (operation command S2) about the operation of the
other shaft of other motor M2 different from motor M1. The
compensation information is information for compensating
for an influence of the operation of the other shaft upon the
shaft. In the control step, the operation of the shaft is
controlled by using the compensation information calculated
in the compensation step.

This aspect provides an advantage such that the vibration
caused by the operation of other motor M2 can be easily
reduced.

A program according to a fifteenth aspect causes one or
more processors to execute the motor control method
according to the fourteenth aspect.

This aspect provides an advantage such that the vibration
caused by the operation of other motor M2 can be easily
reduced.

The configurations according to the second to thirteenth
aspects are not essential to motor control system 100 and can
be omitted as appropriate.
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The invention claimed is:

1. A motor control system comprising:

a control unit configured to control an operation of a shaft
included in a motor in accordance with an operation
command for the motor; and

a compensator configured to calculate, based on other-
shaft information about an operation of another shaft of
another motor different from the motor, compensation
information being for compensating an influence of the
operation of the other shaft upon the shaft, wherein the
control unit controls the operation of the shaft using the
compensation information calculated by the compen-
sator,

wherein the compensator includes:

a torque estimator configured to estimate, based on the
other-shaft information, a disturbance torque acting
on the motor in association with the operation of the
other shaft; and

a compensation torque calculator configured to calcu-
late, based on the disturbance torque, a compensation
torque command for reducing a vibration caused by
the disturbance torque acting on at least one of the
motor and a load connected to the shaft of the motor,
and outputs the compensation torque command as
the compensation information.

2. The motor control system according to claim 1, wherein
the compensation torque calculator executes, based on a
transfer function in which a motor torque acting on the
motor is an input and a load torque acting on the load is an
output, filter processing on the disturbance torque to calcu-
late the compensation torque command.

3. The motor control system according to claim 2, wherein
the filter processing is processing based on a product of a
transfer function in which the motor torque is an input and
a motor speed of the motor is an output, and an inverse
function of a transfer function in which the load torque is an
input and the motor speed is an output.

4. The motor control system according to claim 2, wherein
the filter processing is processing based on a transfer func-
tion of a first-order low-pass filter.

5. The motor control system according to claim 4, wherein
the first-order low-pass filter has a cutoff frequency higher
than or equal to an anti-resonance frequency of a frequency
characteristic of a transfer function in which the load torque
is an input and the motor torque is an output.

6. The motor control system according to claim 2, wherein
the filter processing is processing based on a product of a
transfer function in which the load torque is an input and a
load speed of the load is an output, an inverse function of a
transfer function in which the motor torque is an input and
the load speed is an output, and a transfer function of a
first-order low-pass filter.

7. The motor control system according to claim 2, wherein
the filter processing is processing based on a transfer func-
tion of a first-order high-pass filter.

8. The motor control system according to claim 1, wherein
the compensation torque calculator includes a phase com-
pensator that compensates a phase difference between a
torque instructed by the compensation torque command and
the disturbance torque.

9. The motor control system according to claim 8, wherein
the phase compensator includes a first-order filter.

10. The motor control system according to claim 1,
wherein the compensator further includes a deviation com-
pensator that compensates, based on the disturbance torque,
a deviation generated in the motor when the disturbance
torque acts on the motor bypassing the load.
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11. The motor control system according to claim 1,
wherein the compensator is allowed to set a parameter used
to calculate the compensation information in accordance
with the load connected to the shaft of the motor.

12. A motor control system comprising:

a control unit configured to control an operation of a shaft
included in a motor in accordance with an operation
command for the motor; and

a compensator configured to calculate, based on other-
shaft information about an operation of another shaft of
another motor different from the motor, compensation
information being for compensating an influence of the
operation of the other shaft upon the shaft, wherein the
control unit controls the operation of the shaft using the
compensation information calculated by the compen-
sator, wherein:

the other motor includes a plurality of the other motors,
and the compensator calculates the compensation infor-
mation based on the other-shaft information about each
of the plurality of the other motors.

13. A motor control method comprising:

a control step of controlling an operation of a shaft of a
motor in accordance with an operation command for
the motor; and

a compensation step of calculating, based on other-shaft
information about an operation of another shaft of
another motor different from the motor, compensation
information for compensating an influence of the
operation of the other shaft upon the shaft, wherein in
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the control step, the operation of the shaft is controlled
by using the compensation information calculated in
the compensation step,
wherein the compensation step comprises:
estimating, based on the other-shaft information, a
disturbance torque acting on the motor in association
with the operation of the other shaft; and
calculating, based on the disturbance torque, a com-
pensation torque command for reducing a vibration
caused by the disturbance torque acting on at least
one of the motor and a load connected to the shaft of
the motor, and outputs the compensation torque
command as the compensation information.
14. A program for causing one or more processors to
execute the motor control method according to claim 13.
15. The motor control method according to claim 13,
wherein the compensation step further includes compensat-
ing, based on the disturbance torque, a deviation generated
in the motor when the disturbance torque acts on the motor
bypassing the load.
16. The motor control method according to claim 13,
wherein:
the other motor includes a plurality of the other motors,
and
the compensation step includes calculating the compen-
sation information based on the other-shaft information
about each of the plurality of the other motors.
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